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(57) A composition, which can be used in an ink jet 
printing method, can use either a non-polar or a weakly 
polar material as a functional material, prevents clog- 
ging at dispensing time, achieves stable dispensing, 
and prevents precipitation of content matter during dis- 
pensing and phase separation during film formation, a 
uniform, homogenous functional film formed using this 
composition and a manufacturing method therefor, as 
well as an organic EL device or other such display 
device and a manufacturing method therefor. A compo- 
sition of the present invention consists of a functional 
material, and a solvent comprising at least one benzene 
derivative, which has one or more substituents, and 
these substituents have 3 or more carbon atoms in total. 
A functional film of the present invention is formed using 
the above-mentioned composition. A display device of 
the present invention comprises luminescent material 
layers formed using the above-mentioned composition 
between two electrodes. The above-mentioned display 
device is an organic EL device or the like. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a composition (dispensing composition), which is used to form a functional 
material patterned film, and can be stably dispensed using a dispensing apparatus, a film manufacturing method, which 
forms a uniform film (functional film) using this composition, as well as a functional device comprising luminescent 
material layers formed using the above-mentioned composition, and particularly a functional device (display device), 
such as an organic electroluminescent (EL) device, which is useful in luminescent display applications, and a manufac- 

w turing method therefor. 

BACKGROUND ART 

[0002] In the past, functional material patterning has been done using photolithography techniques. Because this 
15 method has drawbacks, such as high costs and complicated processes, recently, functional material patterning using a 
dispensing, apparatus, which is convenient, and makes cost cutting possible, has been under study. A method, which 
uses an ink jet printing apparatus, has been studied in particular. 

[0003] For example, the manufacture of color filters for use with liquid crystal displays can be raised as an example 
of micro-patterning using an ink jet printing apparatus. This is a manufacturing method, which appropriately ejects 
20 either dyed orpigmented ink of red, blue, and green in accordance with a printing apparatus having nozzles, which eject 
ink of three colors, red, blue and green, producing a color filter The ink used in this manufacturing method is ordinarily 
water-soluble polar ink. In most cases, water-soluble ink such as this contains glycerin or some other solvent to prevent 
nozzle clog when the ink dries. 

[0004] Further, a method for making a luminescent material such as an organic fluorescent material, for example, 
25 into an ink, supplying this ink via dispensing onto a substrate using an ink jet method, and patterning the luminescent 
material is being used, and a color display device, and more particularly, an organic EL display device, which uses an 
organic luminescent material as a luminescent material, of a construction, in which a layer of this luminescent material 
is interposed between the positive and negative electrodes is being developed. 

[0005] The manufacture of this color display device (organic EL display device) is, for example, carried out as fol- 
30 lows. 

[0006] Firstly, a fluorescent material is dissolved in a suitable solvent, and made into ink. This ink (composition) is 
dispensed or ejected onto a transparent electrode-equipped substrate, which serves as the positive electrode of an 
organic EL display device, so as to cover these transparent electrodes. At this point, an electrode is either formed on a 
single plane, or has a strip- or mosaic-shaped pattern, and is a structure, which is connected to, and can be driven by 
35 a power source. Next, after forming a luminescent material layer by drying and removing the solvent in the ink, a small, 
work function metal, for example, a silver, lithium, calcium, aluminum or other metal is expediently deposited on this 
luminescent material layer using a vapor deposition or sputtering method, forming a negative electrode. In this fashion, 
a display device of a structure in which this luminescent material layer is interposed between a positive and a negative 
electrode is achieved. 

40 [0007] A pattern forming method using a conventional ink jet printing technique such as this has extremely out- 
standing characteristics, such as saving labor, saving resources, and not requiring mask making, but it also has the 
drawback of limiting the materials used in the composition (dispensing composition). 

[0008] In the ink jet method, a solvent such as, for example, ethanol or water is used as the solvent in the dispens- 
ing composition. However, among non-polar, or weakly polar functional materials, or polymer functional materials (lumi- 

45 , nescent materials or the like), there are those that do not dissolve in these solvents. There is also the drawback that 
functional materials, which either react with water and alcohol, or are decomposed by alcohol, cannot be used. 
[0009] Further, in a case in which benzene, toluene, xylene or another solvent that readily dissolves a non-polar 
material is used as the solvent for dissolving a functional material, due to the low boiling point (high vapor pressure) of 
such a solvent, the drawback is that it dries easily, and is apt to cause nozzle clog. Further, either during dispensing or 

so after dispensing, there are times in the formation of a film, when the dispensing composition is robbed of its heat of 
vaporization by the volatilization of the solvent, and the temperature of the dispensing composition drops, promoting the 
precipitation of the functional material. In addition thereto, in the case of a functional material having multiple constitu- 
ents, the drawback is that phase separation occurs, the film becomes non-uniform, and the functional film is no longer 
able to carry out its original role. 

55 [001 0] Furthermore, in a case in which a material, which cannot be easily used, and has poor solubility like this, is 
used anyway, and the concentration of the dispensing composition is increased, precipitation and clogging occur. When 
the concentration is made weaker in an attempt to prevent clogging, the drawback is that dispensing must be performed 
numerous times to achieve the characteristics of the functional material, and the number of processes must be 



2 



EP 1 083 775 A1 

increased. 

[0011] An object of the present invention is to provide a composition, which can be used in an ink jet printing 
method instead of a photolithography method, which is the conventional method for patterning a functional material 
and can utilize a material that is either non-polar or weakly polar, or a material of a reactivity that reacts easily with 
5 water. 1 

[0012] Further, another object of the present invention is to provide a composition, which prevents clogging at dis- 
pensing, achieves stable dispensing, and prevents precipitation of content matter during dispensing and also prevents 
phase separation during post-dispensing film formation. Furthermore, another object of the present invention is to pro- 
vide a uniform film (functional film) manufacturing method, and a functional device (display device) such as an organic 
io . EL device, and a manufacturing method therefor. 

DISCLOSURE OF THE INVENTION 

[0013] The present invention achieves the above-mentioned objects by providing a composition, which is charac- 
is terized in that it consists of a functional material, and a solvent comprising at least one benzene derivative having one 
or more substituents, and these substituents having 3 or more carbon atoms in total. 

[0014] Further, the present invention provides a film manufacturing method, which is characterized in that a film is 
formed using the above-mentioned composition. Further, the present invention provides a functional device comprising 
a luminescent material layer formed between a first and a second electrode using the above-mentioned composition 
20 and a manufacturing method therefor. 

BRIEF DESCRIPTION OF TH E DRAWINGS 

[0015] 



25 



30 



35 



Fig. 1 is an oblique view schematically showing a manufacturing process of a functional thin film and an organic EL 
device as a functional device using a composition of the present invention; Fig. 2 is a simplified cross-sectional view 
schematically showing a portion of the manufacturing processes of an organic EL device as a functional device 
using a composition of the present invention (substrate formation process - hole injection/transport layer formation 
process); and Fig. 3 is a simplified cross-sectional view schematically showing a portion of the manufacturing proc- 
esses of an organic EL device as a functional device using a composition of the present invention (luminescent 
layer formation process - sealing process). 

BEST MODE FOR CARRYING OUT THF INVPNTiniy 

[001 6] Hereinbelow, a composition, film manufacturing method, as well as a functional device and a manufacturing 
method therefor of the present invention will be explained in detail. 

[0017] A composition of the present invention is characterized in that it consists of a functional material and a sol- 
vent comprising at least one benzene derivative, which has one or more substituents, and these substituents have 3 or 

40 more carbon atoms in total. 

[0018] Furthermore, what is referred to here as "these substituents have 3 or more carbon atoms in total" means 
that the total number (sum) of carbon atoms of all the displacable substituents in a benzene derivative is 3 or more 
Therefore, for example, even when one substituent is a methyl group or an ethyl group having 1 or 2 carbon atoms if 
combining this with another substituent constitutes 3 or more carbon atoms, then this combination can be incorporated 

45 in the above-mentioned benzene derivative related to the present invention. 

[0019] The above-mentioned benzene derivative utilized in the composition of the present invention has one or 
more substrtuents as explained hereinabove. As one of these substituents, there are no particular limitations as long as 
the total number of carbon atoms of all the substituents constitutes 3 or more. As examples, either a normal chain or 
branched aliphatic hydrocarbon group, alicyclic hydrocarbon group, or aromatic hydrocarbon group can be given and 

so furthermore, oxygen atoms, nitrogen atoms, sulfur atoms and other hetero atoms can be contained in these hydrocar- 
bon groups. Further, the respective substituents can also bond together to form a cycloalkane ring or other rina struc- 
ture. ' ~' a 

[0020] Further, as for the above-mentioned benzene derivative, the number of carbon atoms thereof is 3 or more 
as mentioned above, but from the standpoint of being able to further improve the solubility of a non-polar or weakly polar 
55 functional material, this number is preferably between 3 and 12, and more preferably, between 3 and 6. 

[0021] The above-mentioned benzene derivative is used in a composition of the present invention as a solvent 
which at least comprises this benzene derivative. As such a solvent, either a single solvent consisting of the 1 benzene 
derivative given as an example hereinabove, or a mixed solvent consisting of two or more these benzene derivatives 
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will be acceptable, and a mixture of the above-mentioned benzene derivative and a solvent other than the above-men- 
tioned benzene derivative will also be acceptable. 

[0022] Here, as solvents other than the above-mentioned benzene derivative, in addition to a benzene derivative 
having 1 or more substituents of xylene, toluene or the like, with the total number of carbon atoms of these substituents 
being 2 or less (under 3), or a non-displacable benzene compound, a displacable benzene compound with a substituent 
that does not comprise carbon atoms can be given as an example. 

[0023] As a functional material used in a composition of the present invention, there are no particular limitations 
and even if it is a non-polar or weakly polar material, or a material of a reactivity that readily reacts with water, it can be 
utilized. As such a functional material, a material, which accords with the application of a composition of the present 
invention, is utilized, and an organic EL material or other luminescent material, a silica glass precursor a color filter 
material, an organic metal compound or other conductive material, and either a dielectric or semiconductor material can • 
be given as examples. An organic EL material, silica glass precursor, and color filter material are especially favorable 
[0024] A composition of the present invention will be utilized in a variety of applications, but ideally it will be used in 
ink jet methods in particular. 

[0025] If a composition that requires the above-mentioned benzene derivative of the present invention is used sol- 
uble material selectivity in particular will become broader, drying will be prevented at least during dispensing stable dis- 
pensing will be made possible, and a uniform, homogenous, micro film (functional film) will be achieved. To produce this 
excellent film, the above-mentioned composition of the present invention is supplied via dispensing and distributed on 
a substrate, and thereafter, this film is produced by subjecting this substrate to heat treatment (heating) Specifically 
there can be cited a method, by which, after a composition of the present invention has been dispensed and distributed 
on a substrate by a dispensing apparatus, the substrate is treated at a temperature that is higher than the temperature 
at dispensing. In general, the dispensing temperature is room temperature, and the substrate is heated after dispens- 
ing. By carrying out this kind of treatment, the content matter, which precipitated due to a drop in temperature resulting 
from post-d.spensing solvent volatilization, is re-dissolved, and a uniform, homogenous film can be obtained without 
25 phase separation. 

[0026] As for the temperature of the heat treatment, little effect is noticed in the vicinity of room temperature but 
effects become evident at 40° Centigrade and higher. When the temperature exceeds 200°C, the solvent evaporated as 
soon as heat is applied, and the effect of heating is lost. Based on the above, the ideal heat treatment temperature is 
between 40° and 200°C. More preferably, by heating at 50-200°C, a more uniform, homogenous functional film can be 
obtained. The following effects are obtained by such a heat treatment temperature setting. In the case of dispensing or 
ejecting a composition (ink) via an Inkjet method in particular, generally, the solvent is vaporized the temperature of 
the ink droplets is lowered, and content matter precipitation is a possibility. When the content matter of the ink consti- 
tutes 2 constituents or more, there are cases in which the ink changes from a homogenous mixture system to a non- 
homogenous mixture system. In this case, phase separation occurs inside the luminescent material and the chroma- 
ticity and luminous efficiency achieved via a homogenous system is not obtained. Accordingly, performing heat treat- 
ment by applying heat in the above-mentioned temperature range has the effect of re-dissolving the content matter of 
the dispensed composition, and making it more homogenous. 

[0027] Further, when manufacturing a film, not only heat treatment (heating), but also reduced pressure pressuri- 
zation, or a combination of these with heating can be used as needed. 

[0028] For example, as a reduced pressure and heating combination, after heat treatment, it is desirable that pres- 
sure be reduced as-is immediately, thus removing the solvent. As for the pressure when reducing pressure from the 
standpoint of be.ng able to achieve a more uniform, homogenous functional film, preferably this pressure is 20 x 10" 
mmHg (Torr) or less. By so doing, it is possible to prevent phase separation of the content matter when concentrating 
a composition. That is, when a once redissolved content matter is concentrated, solvent is suddenly eliminated and by 
uniformly affixing the content matter before same becomes non-homogenous, the non-homogenization(phase separa- 
tion) of the content matter is prevented, and the desired luminescent intensity and chromaticity initially targeted can be 
achieved in the formed luminescent material layer. 

[0029] Further, the time from the start of heat treatment until the point in time when pressure reduction commences 
is established in accordance with the dispensing volume and material characteristics. 

[0030] As a dispensing apparatus, which uses a composition of the present invention in an ink jet method and 
which is used in the production of the above-mentioned film (functional film), an ink jet printing apparatus and a dis- 
penser can be cited, the ink jet printing apparatus being preferable. 

[0031] Further, if a composition of the present invention is used, an outstanding functional device such as an 
organic EL device, which is particularly useful in luminescent display applications, can be achieved. Specifically, a dis- 
play dev.ce comprising a luminescent material layer (emitting material layer) formed between a first and second elec- 
trode using the above -mentioned composition of the present invention (preferably, a hole injection/transport layer will 
also be established between the above-mentioned first electrode and the above-mentioned luminescent material layer) 
is achieved. 1 ' 



30 



35 



40 



45 



4 



EP 1 083 775 A1 



[0032] Here, hole injection/transport layer refers to a layer having a function for injecting an electron hole or other 
hole inside, and, in addition, having a function for transporting an electron hole or other hole on the inside. Providing 
this kind of hole injection/transport layer is desirable for improving the luminous efficiency, life and other device charac- 
teristics of an organic EL device in particular. 

5 [0033] Furthermore, as a functional device, in addition to a thin, lightweight, low power consumption, high angle of 
visibility multicolor display device, which uses an organic luminescent material, for example, an organic EL device, there 
can be cited a display, which has a plurality of pixels, and in which a thin film transistor or other switching device is pro- 
vided for each pixel. 

[0034] In manufacturing a display device as this outstanding functional device, manufacture is carried out by selec- 
10 tively supplying the above-mentioned composition of the present invention onto a substrate having a first electrode, and 
preferably, forming a luminescent material layer pattern by either heating, reducing pressure, or pressurizing, or by 
combining these with heating, and next, forming a second electrode on this luminescent material layer pattern (Prefer- 
ably, after forming via an ink jet method using a solution comprising a polar solvent a hole injection/transport layer on 
the above-mentioned substrate, which has a first electrode, more preferably, the above-mentioned luminescent material 
15 layer pattern is formed on this hole injection/transport layer using a solution, which utilizes a non-polar solvent.). In this 
manner, it is possible to achieve an outstanding organic EL device. 

[0035] It is preferable that the luminescent material layer as functional film, which utilizes a composition of the 
present invention in the above-mentioned functional device, be formed in accordance with the manufacturing method 
of the above-mentioned film (functional film). 

20 [0036] Further, as the solution (composition) comprising a polar solvent, which is utilized when forming a hole injec- 
tion/transport layer, there can be cited polythiophene derivatives, such as polyethylene dioxythiophene, and solutions, 
which mix constituents, such as polystyrene sulfonic acid, into polar solvents, such as cc-butyrolactone, N-methylpyro- 
lidone, 1 ,3-dimethyl-2-imidazolidinone and derivatives thereof, carfaitol acetate, butyl carbitol acetate and other glycol 
ethers. Using a polar solvent such as this is desirable for enabling stable dispensing without nozzle clog, and for excel- 

25 lent film form ability. 

[0037] Hereinbelow, compositions of the present invention will be explained in detail based on the preferred embod- 
iments therefor. 

(First Embodiment) 

30 

[0038] A first embodiment of a composition of the present invention is a composition, which is utilized in functional 
material pattern film formation using a dispensing apparatus, and is a composition comprising a functional material and 
a solvent comprising at least one benzene derivative, which has 1 or more substituents, and these substituents have 3 
or more carbon atoms in total. 

35 [0039] According to this embodiment, the effects are that a non-polar or weakly polar functional material can be 
readily dissolved, and functional material selectivity can be broadened, and, in addition, especially in a case in which a 
solvent with a relatively low vapor pressure is used, from the standpoint of delayed drying capabilities, clogging is pre- 
vented at solvent dispensing time, and stable dispensing is made possible, and it is possible to achieve the prevention 
of content matter precipitation and phase separation during post-dispensing film formation in accordance with either 

40 subsequent heating, or by combining heating with a treatment, such as pressurizing, or heating followed immediately ■ 
by reducing pressure. 

[0040]- As a solvent, which is compatible with the first embodiment, and which comprises at least one benzene 
derivative having 1 or more substituents, with these substituents having 3 or more carbon atoms in total, there can be 
considered either single solvents, such as cumene, cymene, cyclohexylbenzene, dodecylbenzene, diethylbenzene, 

45 pentylbenzene, dipentylbenzene, butylbenzene, tetralin, and tetramethylbenzene, or mixtures of these solvents. Or 
xylene, toluene, beuzene and the like can be added to these single solvents, or mixed solvents as required.by circum- 
stances. By utilizing single solvents or mixed solvents like those given as examples here, a composition in which there 
is dissolved a non-polar or a weakly polar functional material becomes a possibility. That is, material selectivity broad- 
ens. Further, utilizing a single solvent or a mixed solvent like this enables the prevention of clogging. 

50 [0041] It is preferable that the boiling point of the benzene derivative utilized in a composition of the first embodi- 
ment by 200°C or higher. Solvents such as this include dodecylbenzene, cyclohexylbenzene, tetralin, dipentylbenzene, 
and pentylbenzene. Utilizing these solvents is even more favorable as it enables the further prevention of solvent vola- 
tilization. 

[0042] It is preferable that dodecylbenzene be the benzene derivative utilized in a composition of the first embodi- 
55 ment. As a dodecylbenzene, a single n-dodecylbenzene is fine, and a mixture of isomers is also fine. 

[0043] This solvent has characteristics such as a boiling point of over 300°C, and viscosity of 6mPa «s or more 
(20°C), and this solvent alone is of course fine, but adding it to another solvent is good for preventing a composition from 
drying. Further, of the solvents mentioned above, since the viscosity of those other than dodecylbenzene is relatively 
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small, dodecylbenzene is extremely good because adding this solvent to the others enables viscosity adjustment. 
[0044] As a functional material, which is compatible with the first embodiment, an organic EL material can be con- 
sidered. In particular, it is desirable that the organic EL material comprise a material that is either non-polar, or weakly 
polar. For example, an EL material comprising a derivative of a (poly)paraphenylene vinylene system, polyphenylene 

5 system, polyfluorene system, or polyvinyl carbazole system, a low molecular weight organic EL material capable of 
being dissolved in another benzene derivative, and a high molecular weight EL material can be considered. For exam- 
ple, it will also be possible to use rubrene, perylene, 9, 10-diphenyl anthracene, tetraphenyl butadiene, nile red, 
coumarin6, quinacridone, and a polythiophene derivative. Further, these materials can also be used for electron trans- 
portable and hole transportable materials, which are peripheral materials of an organic EL display 

io [0045] Further, as a functional material compatible with the first embodiment, in addition to the above-mentioned 
organic EL material, polysilazane (made by Tonen, for example), which is the silicon glass precursor substance of an 
interlayer insulation layer that has numerous uses in a semiconductor, and an organic silicon-on-glass (SOG) material 
can also be considered. 

[0046] Furthermore, it is also desirable that the functional material for forming a composition of the first embodiment 
is be a material for a color filter. As this color filter material, various kinds of sublimation dyes can be selected, such as, 
for example, sumika red B (brand name of a dye manufactured by Sumitomo Chemical Co., Ltd.), kayaron fast yellow- 
GL (brand name of dye manufactured by Nihon Kayaku Co., Ltd.), and daiaserin fast brilliant blue-B (brand name of dye 
manufactured by Mitsubishi Kasei Corporation). 

[0047] And furthermore, organic metal compounds can also be used as functional materials. Or, if it is a material 
20 that will dissolve in the above-mentioned solvents, then any kind of functional material can be used as a composition. 
[0048] By using a composition of the first embodiment, it is possible to prepare a functional film, such as a func- 
tional material patterned film, using a dispensing apparatus. The preparation method for this functional film can be per- 
formed in accordance with the above-mentioned film manufacturing method. That is, a functional film can be obtained 
by supplying via dispensing and distributing a composition of the first embodiment on a substrate, and thereafter, sub- 
25 jecting this substrate to heat treatment preferably at 40°C-200°C. In the first embodiment in particular, setting this heat 
treatment temperature to 50°C-200°C is even more preferable for enabling the realization of a more uniform, homoge- 
nous functional film. Further, in the first embodiment, it is desirable to apply heat while applying pressure during high 
temperature treatment. By so doing, it is possible to delay the volatilization of the solvent at heating, making the re-dis- 
solving of the content matter even more complete. As a result thereof, it is possible to obtain a more uniform, homoge- 
30 nous functional film. From the standpoint of producing an even more uniform, homogenous functional film, preferably 
the pressure applied is 1520-76000mmHg (2-100 atmospheres). 

[0049] Further, in the heat treatment of a composition of the first embodiment, it is desirable to remove the solvent 
by reducing pressure as mentioned above prior to the composition becoming completely dry. 

[0050] As a dispensing apparatus capable of using a composition of the first embodiment, an ink jet printing appa- 
35 ratus, dispenser or the like can be utilized, but an ink jet printing apparatus is desirable due to the fineness and precision 
thereof, and by utilizing this ink jet printing apparatus, it is possible to manufacture a micro functional film easily and at 
low cost. 

[0051] By using a composition of the first embodiment, it is possible to obtain, in a preferable manner, an organic 
EL device or other such display device, which is useful as the above-mentioned functional device (preferably, a display 
40 device having a hole injection/transport layer, provided between the above-mentioned first electrode and above-men- 
tioned luminescent material layer.). 

(Second Embodiment) 

45 [0052] A second embodiment of a composition of the present invention is a composition containing a solvent com- 
prising at least dodecylbenzene, and a polyfluorene derivative of at least 1 of the compounds 1 through 5 hereinbelow. 
That is, the second embodiment is a composition, which utilizes a solvent, which is compatible with the second embodr 
iment in a composition of the present invention, and which comprises at Jeast dodecylbenzene as a solvent comprising 
a benzene derivative having 1 or more substituents, and these substituents have 3 or more carbon atoms in total, and 

so which utilizes a polyfluorene derivative of at least 1 of the compounds 1 through 5 as a functional material that is com- 
patible with the second embodiment. 

[0053] This embodiment is a more preferred aspect than the first embodiment explained hereinabove, and from the 
standpoint of using the low vapor pressure solvent dodecylbenzene, and having delayed drying capabilities, can pre- 
vent clogging at solvent dispensing, and can ensure stable dispensing, and in particular, preferably has the effect of 
55 making it possible to achieve a uniform film without phase separation by either applying heat and pressure, or reducing 
pressure immediately after heating, which will be explained hereinbelow. 

[0054] Because this embodiment, as mentioned hereinabove, is a more preferred version of the first embodiment, 
with regard to points that are not explained in particular detail in the description for the second embodiment, the detailed 
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description regarding the above-mentioned first embodiment will be applied as the occasion demands. 
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in particular, enables the prevention of clogging in an Inkjet head because the delayed drying effect of this dodecylben- 
zene is manifested in a case in which this composition is utilized as an ink composition when forming a pattern using 
an ink jet method. Further, even after dispensing, the dispensed material remains in liquid form on the material targeted 
for dispensing, making possible post-treatment, such as heating. Furthermore, the above-mentioned special structure 
polyfluorene derivatives (compounds 1 through 5) are prepared as luminescent materials, have strong luminous inten- 
sity, and due to their being weakly polar, have good solubility for dodecylbenzene, and according to combining this lumi- 
nescent material with a solvent, are capable of good patterning as a component member of an organic EL display 
device in particular. 1 

[0056] In a composition of the second embodiment, a variety of second solvents capable of dissolving a lumines- 
cent material in dodecylbenzene can be mixed with the composition and utilized as a solvent. Preferably, a solvent with 
a boiling point of 140°C or higher is mixed in and utilized. As such a second solvent with a boiling point of 140°C 
cymene, tetral.n, cumene, decalin, durene, cyclohexylbenzene, dihexylbenzene, tetramethylbenzene dibutylbenzene 
and the like can be utilized. It is especially desirable to utilize a solvent having a compound, which has substituents of 
3 or more carbon atoms in a benzene ring. Further, it is preferable to utilize a solvent with a boiling point of 180°C or 
higher, such as tetralin, 1 ,2,3,4-tetramethylbenzene, 1,2,3,5-tetramethylbenzene, cyclohexylbenzene, decalin and dib- 
utylbenzene. By adding these solvents, it is possible to adjust the concentration and drying rate of an ink composition 
It also has the effect of reducing the high viscosity of dodecylbenzene. Furthermore, a composition that utilizes tetralin 
as a solvent having the above-mentioned 180°C or higher boiling point has the advantage of making it possible to 
increase the concentration thereof. In addition, toluene, xylene, chloroform, and carbon tetrachloride can be utilized as 
a solvent. " 

[0057] As a luminescent material that serves as a functional material in conformance to the second embodiment 
in addition to the above-mentioned specific polyfluorene derivative, a (poly)paraphenylene vinylene derivative polyphe- 
nylene derivative, polyvinyl carbazole derivative, polythiophene derivative, perylene system pigment, coumar'in system 
pigment, rhodam.ne. system pigment, and non-polar or weakly polar materials are suitable, but in addition a low molec- 
ular weight organic EL material and a polymer organic EL material, which are capable of dissolving in a benzene deriv- 
ative, can also be used. For example, it will also be possible to use rubrene, perylene, 9, 10-diphenyl anthracene 
tetraphenyl butadiene, nils red, coumarinS, quinacridone, and the like. Further, it is also possible to make appropriate 
use of a hole transport material and an electron transport material, which constitute an organic EL display device 
[0058] Further, as the above-mentioned luminescent material, a compound (6) having the below structure can also 
be added. 




COMPOUND 6 



[0059] By using a composition of the second embodiment, ideally it is possible to obtain an organic EL device or 
other such d.splay device, which is useful as the above-mentioned functional device (preferably, a display device com- 
pnsed by providing a hole injection/transport layer between the above-mentioned first electrode and above-mentioned 
luminescent material layer.) just like with the above-mentioned first embodiment. 

[0060] When preparing the above-mentioned luminescent material layer using a composition of the second embod- 
iment, for example, this composition is dispensed and distributed on a substrate by a dispensing apparatus as 
described hereinabove, and thereafter, the substrate is subjected to heat treatment at a temperature that is higher than 
the temperature at dispensing (preferably, between 40°-200°). The heat treatment process is better the higher the tem- 
perature at which it is performed, but in a case in which a low boiling point solvent is utilized, there is the danger that 
drying will be completed immediately following dispensing and the advantages of this process will not be fully realized 
According to this example, because dodecylbenzene, a high boiling point solvent, is utilized, the content matter of a dis- 
pensed composition is re-dissolved by the heat treatment, making the above-mentioned effect of greater uniformity 
superb. 1 

[0061 ] It is preferable that the above-mentioned heat treatment of the composition be carried out at the same tem- 
perature as in the case of the above-mentioned first embodiment. Further, it is desirable that the above-mentioned heat 
treatment of the composition be carried out under applied pressure the same as the above-mentioned first embodiment 
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and furthermore, It is desirable that in the above-mentioned heat treatment of the composition the solvent be removed 
by reducing pressure prior to the composition drying completely. 

(Third Embodiment) 

[0062] A third embodiment of a composition of the present invention is a composition consisting of a functional 
material and a solvent comprising at least 1 benzene derivative, which has 1 or more substituents, and these substitu- 
ents have 3 or more carbon atoms in total, and which has a vapor pressure (at room temperature; the same hereinbe- 
low) of between 0.10 and lOmmHg. That is, the third embodiment is a composition, which utilizes a solvent, which is 
compatible with the third embodiment in a composition of the present invention,, and which comprises at least one ben- 
zene derivative with a vapor pressure of between 0.10 and 10mmHg as a solvent comprising at least one benzene 
derivative having 1 or more substituents, with these substituents having 3 or more carbon atoms in total. 
[0063] According to this embodiment, the effects are obtained that a non-polar or weakly polar functional material 
can be readily dissolved, and, in addition, clogging is prevented at solvent dispensing time, and stable dispensing is 
is made possible, and it is possible to achieve the prevention of content matter precipitation at dispensing and phase sep- 
aration during post-dispensing film formation. In particular, if using a . solvent of a vapor pressure of the above-men- 
tioned scope, there are achieved characteristics whereby drying is difficult to a certain degree, thus achieving a balance 
such that the material dries rapidly enough so that phase separation does not occur, and a film is formed without phase 
separation via natural drying at room temperature. 
20 [0064] As a solvent, which is utilized in a composition of the third embodiment, and which comprises at least 1 ben- 
zene derivative of the above-mentioned vapor pressure of between 0.10 and 10mmHg, there can be cited 1,2 3 4- 
tetramethylbenzene, 1,2,3,5-tetramethylbenzene, cyclohexylbenzene, pentylbenzene, mesitylene, cumene, cymene, 
diethylbenzene, tetralin, and decalin, and of these, 1 ,2,3,4-tetramethylbenzene is especially preferable. 
[0065] Further, as the above-mentioned benzene derivative, a mixture of at least 1 benzene derivative of a 0.10- 
0.50mmHg vapor pressure, and at least 1 benzene derivative of a 0.50-1 OmmHg vapor pressure is also preferable' 
[0066] Here, as the above-mentioned benzene derivative of a 0. 1 0-0.50mmHg vapor pressure, either tetramethyl- 
benzene or cyclohexylbenzene is preferable. 

[0067] Further, as the above-mentioned benzene derivative of a 0.50-1 OmmHg vapor pressure, diethylbenzene 
and/or mesitylene is preferable. 

[0068] There are no particular limitations as to a functional material, which is compatible with a composition of the 
third embodiment, and, for example, the above-mentioned organic EL material, and silicon glass precursor material can 
be applied to this embodiment, and, in particular, at least 1 polyfluorene derivative, especially the above-mentioned 
compounds 1 -5, which are utilized in a composition of the second embodiment described hereinabove, is ideal. There- 
fore, as a functional material utilized in this embodiment, a luminescent material that serves as a functional material 
which was described in the above-mentioned second embodiment, is applied according to circumstances. 
[0069] Further, a composition of the third embodiment can achieve a specific outstanding device by removing resid- 
ual solvent after film formation via either heating, or a combination of heating and pressure reduction. It is preferable 
that the heating temperature at this time be 40°C-200°C, and more preferably 50°C-1 00°C. Further it is desirable that 
the pressure at reduced pressure be 20 x 10~ 3 mmHg or less. Further, after dispensing (after dispensing ink to the entire 
surface of a substrate), a film can be formed under either heating or a combination of heating and reduced pressure 
even if droplets remain. 

[0070] By using a composition of the third embodiment, the same as in the above-mentioned first and second 
embodiments, ideally it is possible to obtain an organic EL device or other such display device, which is useful as the 
above-mentioned functional device (preferably, a display device comprised by providing a hole injection/transport layer 
between the above-mentioned first electrode and above-mentioned luminescent material layer.) 
[0071 ] The present invention will be explained more concretely hereinbelow by referring to the examples. However, 
the present invention is in no way limited to these examples. 

(Examples of First Embodiment) 

(Example 1-1) 

[0072] A tetrahydrofuran solution of a polyvinyl carbazole was applied to the electrode side of a glass substrate 
equipped with a transparent indium-tin-oxide (ITO) electrode, and a 0.1 micrometer polyvinyl carbazole film was formed 
via a spin coating method. On this film, a 0.1 percentage by weight xylene/tetralin mixed solution of polyhexyloxyphe- 
nylene vinylene (xylene/teralin = Va percentage by volume) was dispensed in a prescribed shape using an ink jet print- 
ing apparatus. Furthermore, aluminum was deposited on top thereof. 

[0073] Lead wires were derived from the ITO and aluminum, and with the ITO as the positive electrode and the alu- 
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(Example 1-2) 
[0074] 



on the opposte side, forming a polysLane film on tatt SSI «# * all ° Wed J°. dry This same P roces s was performed 
cent thermo-hygrostat for 20 minu £Z5 ^2Tf|^ >5K T ^ an ^ 90 P er " 
po.arizing piates were .aminated from both sid« tS o as tot olgona ° 9 *" """^ ^ a " 0Win9 " t0 ** 2 

paneiwas improved, andth e y; 0 Tr;:^ 
(Example 1-3) 



2D 



irLdfoSSrr^^ 

by volume of a mixed solvent. The thus ^SZ^^tS T " = W) S ° 33 10 COnstitute 20 P ercen * 
and applied to the entire surface of a sfc TubstSe Ihich h=l f wa8 . d k B Pf nSed Via an ,nk P rintin 9 Wamtus, 

30 (Example 1-4) 

green and blue, are ejected and dfet ibuted Z Jr X« JnZ . f ° r9an ' C EL that emit the «*» 

- on transparent .TO ndlum-tin-oxS e £^!^£T^"™ T" 3 ^ ° f 63Ch C °*° r 
equipped with banks surrounding the LsparenTe^w Cmflo ^h S T ^ °' & 9 ' aSS SUbstrate 
0.4% (weight/volume). In Fig. 1 , 1 indicates I nozzle 2 Tn^I ! " * l ° the S °' Vent in a » « 

•rode, 4 indicates a ban, (pLi'on), tZ£££S? * ~* ™ -~ 

40 (Dispensing Composition) 



[0079] 
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Solvent: Dodecylbenzene/tetralin (1/1, volume percentage) 
Red: Polyfluorene/perylene dye (98/2, percentage by weight) 

Bte e pXen e e ne/C0,Jmarin ( "- 5/1 - 5 ' * 
[0080] The substrate obtained by ejecting the composition was heated at ior>°r a nH. h , 

.f > «*,g, „, , 5 v„«s. ,„ a a,Vi„ »hr'o«^ „ I*? " * PreSC * M Stel » "<">" "» »P**" 
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[0082] If each of the above-mentioned ITO electrodes were to be connectpri tn * thin tn m ♦ • * 
(Example 1-5) 

[0083] After drying fori minute at 100°C a substrate that had been subjected to eiectinr, tho = am o • t 



. (Example 1-6) 

20 (Examples of Second Embodiment) 
(Example 2-1) 
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30 
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[0085] In this example, a color display device will be manufactured 





Table 1 






Luminescent Materials 


Solvents 




R (Red) ink 


Compound 10.70g 


Dodecylbenzene 






Compound 20.2g 


100ml 


50 




Compound 60.1 g 


Tetralin 1 00ml 


G (Green) ink 


Compound 10.76g 


Dodecylbenzene 






Compound 20.2g 


100ml 






Compound 40.04g 


Tetralin 100ml 


55 


B(BIue) ink 


Compound 10.78g 


Dodecylbenzene 






Compound 20. 15g 


100ml 






Compound 30.07g 


Tetralin 100ml 
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[0089] A luminescent layer was achieved by subjecting this substrate to heat treatment on a hot plate at 100°C in 
a nitrogen environment. The film thickness of the produced luminescent layer or emitting layer was 0 03-0 ll In add 
ho I , thium fluor.de (1 OOnm), calcium (1 OOnm) and aluminum (1 50mu) were deposited^ that order on the Enescen 
layer, the resulting ,am,nate structure was sealed in epoxy resin, and an organic EL dispiay device was acSed 
[0090] Upon driving the TFT device provided on each transparent ITO electrode (dot) at 1 0 volts it was possible to 
display a des.red color in a pixel (a color equivalent to the luminescent layer provided on this pixel) Further motion oil 
tures could also be displayed. In particular, in a pixe, in which G ink had been ejected, e^eak rTjf'ZZZ 
530nm of the luminous wavelength spectrum (440nm/530nm) measured 1.0, and visually the g'reen was dispTaJed we.J 

(Example 2-2) 

[0091] Three compositions (ink compositions) were prepared by mixing luminescent materials with solvents in the 
Sh ° Wn,n t Ta H ble ? here ! nbel ° W and ' in the same w ay as Example 2-1, using an ink jet appaSus e 
compositjons were ejected onto a substrate (TFT substrate) having banks 4 consisting of polyimide as shown in Fig 1 

IhTth T SU f t 6JeCtin9 ^ Partiti ° ned by banks 4) Was 3C * m * 30pm the pitch was 70pm and the 
p toh of the ejecting of the compositions (ink compositions) was set at 70pm Dispensing was satisfactorily perfonned 

sss z : 52 r P r in the ink jet heads ' making » possibie to ° btain a « *** 
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Luminescent Materials 


Solvents 


25 


R (Red) ink 


Compound 10.70g 


Dodecyibenzene 




Compound 20.2g 


100ml 






Compound 50.1 g 


TetraJin 1 00ml 




G (Green) ink 


Compound 10.76g 


Dodecyibenzene 


30 




Compound 20.2g 


100ml 






Compound 40.04g 


Tetralin 1 00ml 




B(Blue) ink 


Compound 10.78g 


Dodecyibenzene 


35 




Compound 20.15g 


100ml 




Compound 30.07g 


Tetralin 1 00ml 



[0092] A luminescent layer was achieved by subjecting this substrate to heat treatment on a hot plate at 1 00°C in 
a n,t ogen environment. The film thickness of the produced luminescent layer was 0.08-0.1pm. In addL IftlTfluo 
nde (1 OOnm), calcium (1 OOnm) and aluminum (150nm) were deposited in that order on the LJ^S^T^ 

nnir" 1 , StmCtUre W3S Sea ' ed in ep ° Xy reSin ' and an or 9 anic EL dis P^ device was achieved 
[0093] Upon driving the TFT devices provided on each transparent ITO electrode (dot) at 1 0 volts it was possible 
to display a des.red color in a pixel (a color equivalent to the luminescent layer provided on this pixel) Further m Jion 
pictures could also be displayed. In particuiar, in a pixel in which G ink had U ejected, th e a Si 440 nTZ 
530nm of the luminous wavelength spectrum (440nm/530nm ) measured 1.0, and the green was displayed i^ZX 

(Example 2-3) 

[0094] The same as in Example 2-1 , first three compositions (ink compositions) of the compositions shown in Table 
1 above were prepared, and using an ink jet apparatus, these inks were ejected onto a TFT substrate having bante 4 
theTnl XT " ^ * ^ ' ^ ^ggin^cculg in 

■ A 'T ineSCent ,ayer was achieved sub i ectin 3 this substrate to heat treatment on a hot plate for 1 minute 
at 100 C a nitrogen environment, immediately reducing pressure (1mmHg mercury column), and removing the sol 
ent. The film t ickness of the resulting luminescent layer was 0.08-0. 1 urn. In addition lithium fluoride ( 1 0Onm) ale ium 
(lOOnm and aluminum (150nm) were deposited in that order on the luminescent layer. The resulting Ln7e^Z 
was sealed in epoxy resin, and an organic EL display device was achieved. 

[0096] Upon driving the TFT devices provided on each transparent ITO electrode (dot) at 1 0 volts, it was possible 
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(Example 2-4) 
(Example 2-5) 

these Ipmieescen "™teri.l s with "X„, and „™ L a tomescm nwa being m , same , a „ d mixi 

inKs «, . TFr-js^ar " jirr F ;' n , kj E ' t** and ^ 

.Ida™ „ 5 0„ m , ^reVp^S^n^Xr , "'° rt06 <,< **"'' ) ' C * U "' < ""'" ,, ' ) " d 
pictures Lid also be dipped lemtneeceet layer preelder. bp thle pixel,. Furtbe,/ motlon 

(Example 2-6) 

thesalme J^Z£^ S^^uST^ ^ 9 ^ C ° mP ° Siti ° nS 33 in E * a ™P' a «• - 
« consisting of polyimide as shown in Fig T ' 9 " "* * ° nt ° 3 TFT Substrate havin 9 "anks 4 

^eT^^^^;^^^^ - p Iate - 1 minute at tBO-C in a , 
material layer was achieved. The film thickness^ the rP,, ,t , 9) ' WaS rem ° Ved ' and a '^"escent 

fluoride (lOOnm), calcium (100nm ana atminum .XS? 9 "T^" 1 0 08 -°- 1 ^- addition, lithium 

pictures could also be disced luminescent layer provided on this pixel). Further, motion 
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so (Comparative Example 2-1 ) 
[0106] 



55 



using an ink jet apparatus onto a substrate a^Z^trt^l f T ' *" at,Smpt W3S made t0 e i ect this '"^ 
HP^,, d^ePPdhbed id tbe T^. ^ZSTCSS^ m ^^ ' 
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Table 3 





Luminescent Materials 


Solvents 


R (Red) ink 


Compound 70.98g 
Compound 80.02g 


Xylene 200ml 



10 [0107] Furthermore, compounds 7 & 8, which were the luminescent materials used in this example, are compounds 
having the below structures. 



15 



20 



25 




35 



(CH 3 JiCH 



CeHj 3 Cq.H 1: 



COMPOUND 7 



{CHaUCH <^ 




,Q CHtCHaJ* 

N^5> 

CH(CH 3 ), 



COMPOUND 8 



(Examples of Third Embodiment) 
(Example 3-1) 

45 [0108] First, as compositions, compositions 1-6 (three R (red), G (green) and B (blue) for each composition) were 
prepared by mixing polymer compounds as functional materials (luminescent materials) with solvents using the pre- 
scriptions shown in Tables 4-9 hereinbelow. As the polymer compounds, compounds were selected from compound 1 - 
compound 5, which are functional materials that are particularly compatible with the third embodiment and used 



50 



55 



Table 4 





(Composition 1) 




Polymer Compounds 


(1%wt/v) 




Solvent 


R (Red) 


Compound 1 07g 


Compound 0.2g 


2 Compound 5 0.1 g 


Xylene 100ml 


G (Green) 


Compound 1 0.76g 


Compound 0.20g 


2 Compound 4 0.04g 


Xylene 100m! 
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Table 4 (continued) 





(Composition 1) 




Polymer Compounds (l%wt/v) 


Solvent 


B (Blue) 


Compound 1 0.78g j Compound 0.15g 2 Compound 3 0.07g 


Xylene 100ml 



Table 5 





(Composition 2) 




Polymer Compounds (1%wt/v) 


Solvent 


R (Red) 


Compound 1 0.7g 


Compound 2 0.2g 


Compound 5 0.1g 


Mesitylene 100ml 


G (Green) 


Compound 1 0.76g 


Compound 2 0.20g 


Compound 4 0.04g 


Mesitylene 100ml 


B (Blue) 


Compound 1 0.78g 


Compound 2 0.15g 


Compound 3 0.07g 


Mesitylene 100ml 



Table 6 





(Composition 3) 




Polymer Compounds (1 %wt/v) 


Solvent . 


R (Red) 


Compound 1 0.7g 


Compound 2 0.2g 


Compound5 0.1 g 


1 ,2,3,4-tetramethylbenzene 
100ml 


G (Green) 


Compound 1 0.76g 


Compound 2 0.20g 


Compound 4 0.04g 


1 ,2,3,4-tetramethylbenzene 
100ml 


B (Blue) 


Compound 1 0.78g 


Compound 2 0.15g 


Compound 3 0.07g 


1 ,2,3,4-tetramethylbenzene 
100ml 



Table 7 





(Composition 4) 




Polymer Compounc 


is(1%wt/v) 


Solvent 


R (Red) 


Compound 10. 7g 


Compound 20.2g 


Compound 50. 1g 


Diethylbenzene 
30ml 


1,2,3,4-tetrame- 
thylbenzene 70ml 


G (Green) 


Compound 10.76g , 


Compound 20.20g 


Compound 40.04g 


Diethylbenzene 
30ml 


1 ,2,3,4-tetrame- 
thylbenzene 70ml 


B (Blue) 


Compound 10.78g 


Compound 20.15g 


Compound 30.07g 


Diethylbenzene 
30ml 


1 ,2,3,4-tetrame- 
thylbenzene 70ml 
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Table 8 



R (Red) 


Polymer Compounc 
Compound 10. 7g 


(Cor 

is (1%wt/v) 
Compound 20.2g 


nposition 5) 
Compound 50. 1g 


Solvent 

Mesitylene 80ml 


Cyclohexylben- 
zene 20ml 


G (Green) 


Compound 10.76g 


Compound 20.20g 


Compound 40.04g 


Mesitylene 80ml 


Cyclohexylben- 
zene 20ml 


B (Blue) 


Compound 10.78g 


Compound 20. 15g 


Compound 30.07g 


Mesitylene 80ml 


Cyclohexylben- 
zene 20ml 
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Table 9 





(Composition 6) 




Polymer Compounc 


Js(1%wt/v) 


Solvent 


R (Red) 


Compound 10.7g 


Compound 20.2g 


Compound 50.1 g 


Dodecylbenzene 
30ml 


1,2,3,4-tetrame- 
thylbenzene 70ml 


G (Green) 


Compound 10.76g 


Compound 20.20g 


Compound 40.04g 


Dodecylbenzene 
30ml 


1,2,3,4-tetrame- 
thylbenzene 70ml 


B (Blue) 


Compound 10.78g 


Compound 20.1 5g 


Compound 30.07g 


Dodecylbenzene 
30ml 


1,2,3,4-tetrame- 
thylbenzene 70ml 



Sown below^™"' VaP ° r PreSSUre (r °° m temperatUre) ° f the solvents in compositions 1-6 are as 

Xylene: 13.80 
Mesitylene: 1.73 

1,2,3,4-tetramethylbenzene; 0.23 
Diethylbenzene: 0.70 
Cyclohexylbenzene: 0. 1 93 
Dodecylbenzene: 0.0000125 

arc owiHon* «• 7nn„„ o ... y re ev,aent at 6 50nm for G, B compositions, and turbidity changes 
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were evident at 700nm for R compositions. 

O: No turbidity change (Transparent solution) 
X: Change in turbidity (Precipitation occurred) 

Sec, *"* The ,,i9hts ° f composition ™ *«* * **. 

©: Extremely good 

O: Good (Slight curvature of flight, but patterning can be performed) 
X: Flight curves and nozzle clogging occurs 



ink jet head (Epson 
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^CoZTrf i 1 ° ri9in , al Sh0rt wavelen 9 lh spectrum not observed 
X. Compound 1 onginal short wavelength spectrum observed 
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Comparative Product 
Present Invention Product 



Composition 
1 (R.G.B) 



2 (R,G,B) 



Table 10 
Solution Stability 



20 




Properties of ejecting 

"x" 



25 



(Example 3-2) 
Substrate Formation 



■S2L if, ™Ts^Z7«^e ^JSS^tXS f ° rmed 35 — ^ a TFT 

and polyimide are portions constituting banks At th s timT t D t JLL T 9 ' photolitho 9 ra Phy method. This Si0 2 
and also providing a circular opening portion of ° Pening p0rti ° n of 28 W "> the SiQ 2 

these two opening portions were form" Zpl^ZZSsTyo ? 'T^' ^ PiX6,S 1 5 co ^9 
pardoned by Sic, and polyimide, 00™^^"!^^ .^ * 0¥B - m ^ on * which are" 
descnbed organic EL materia, are applied for P e^^^^^^^ fining the be.ow- 

Plasma Processing of Substrate 

Narrows -e carried out in the direction of 

these plasma processes were as follows. That is unde atmos^hS P ' Xe ' S ^ bee " f ° rmed - The con ^°ns of 

tance between the electrode and the substra ;^J?3SKTr ^ Set * 300W ' and the d *- 
the helium gas flow was 101/min, and the table SnveyancTrat^ J??? n ° 2 thS ° 2 933 flow was 80 ^m, 

9 as flow was tOOccm, the helium gas flow was S^^^J ^ 

« Hole Injection/Transport Layer Formation Using Ink Jet System 

EIUSZSS^ °< -P^ons shown in Table , 1 were prepared as ink compositions for a 
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Table 1 1 


iviaienai ■ 


Content (wt%) 


Polyethylene d.oxythiophene/polystyrene sulfonic acid mixture 


11.08 


Polystyrene sulfonic acid ~ 


1.44 


Isopropyl alcohol : 


10 
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Table 1 1 (continued) 



Material 


Content (wt%) 


N-methylpyrolidone 


27.48 


1 ,3-dimethyl-2-imidazolidinone 


50 



[0118] As shown in Fig. 2(C), the ink composition 17 for the above-mentioned hole injection/transport layer was 
ejected at 20pl from an ink jet head (Epson MJ-930C head) 1 6, and patterning was performed on each pixel electrode. 
w After patterning, the solvent was removed under conditions of room temperature for 20 minutes in a vacuum (1 Torr), 
and thereafter, a hole injection/transport layer 1 8 was formed out-of-vacuum via heat treatment for 10 minutes at200°C 
(on a hot plate) (Refer to Fig. 2(D)). The film thickness of the resulting hole injection/transport layer 18 was 40nm. 

Formation of Luminescent Layer Using Ink Jet System 

75 

[0119] As shown in Fig. 3 (E) and (F), in accordance with dispensing composition 2 of Table 5, which was utilized 
in the above-mentioned Example 3-1 , from an ink jet head (Epson MJ-930C) 1 6 at 20pl as the composition 1 9 for a lumi- 
nescent layer, and performing patterning on each pixel electrode in B. R, G order, a luminescent layer 20 of each color 
was formed (Refer to Fig. 3 (G)). After forming the luminescent layers 20, post baking was performed at 60°C for 30 
20 minutes under reduced pressure of less than 1 Torr. 

Electrode/Sealing Processes 

[0120] After forming the luminescent layers, an electrode (negative electrode) 21 was formed by depositing lithium 
25 fluoride (thickness: 2nm), calcium (thickness: 20nm), and aluminum (thickness: 20nm). Finally, the above-mentioned 
electrode was sealed with an epoxy resin 22, and a color organic EL panel 10 was produced (Refer to Fig. 3 (H)). 

(Example 3-3) t 

30 [0121] Besides forming luminescent layers of each color by using composition 3 of Table 6, which was utilized in 
the above-mentioned Example 3-1 , a color organic EL panel was produced using the same processes as in the above- 
mentioned Example 3-2. 

(Example 3-4) 

35 

[0122] Besides forming luminescent layers ,of each color by using composition 4 of Table 7, which was utilized in 
the above-mentioned Example 3-1 , a color organic EL panel was produced using the same processes as in the above- 
mentioned Example 3-2. 

40 (Example 3-5) 

[0123] Besides forming luminescent layers of each color by using composition 5 of Table 8, which was utilized in 
the above-mentioned Example 3-1 , a color organic EL panel was produced using the same processes as in the above- 
mentioned Example 3-2. 

45 

INDUSTRIAL A PPLICABILITY 

[0124] As explained hereinabove, a composition of the present invention can be used in an ink jet printing method 
instead of a photolithography method, which is the conventional functional material patterning method, can use, as a 
so functional material, either a non-polar or a weakly polar material, or a material that is reactive with water, and can pre- 
vent clogging at dispensing time, achieve stable dispensing, and prevent precipitation of content matter during dispens- 
ing and phase separation at film formation following dispensing. 

[0125] Further, a functional film of the present invention is a uniform, homogenous, micro film, which is formed 
using the above-mentioned composition. Further, a display device of the present invention is an outstanding display 
55 device such as an organic EL device, which is comprised by providing a luminescent material layer formed using the 
above-mentioned composition, and which is especially useful in luminous display applications. 

[0126] Further, according to the manufacturing method of the display device of the present invention, it is possible 
to easily achieve an array of films having different functions. Further, because a required amount of material is used in 
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a required part, it is possible to use less material than in methods according to spin coating methods. 
Claims 

1. A composition characterized in that said composition comprises a functional material and a solvent comprising at 
least one benzene derivative having 1 or more substituents, and these substituents having 3 or more carbon atoms 
in total. 

2. The composition according to claim 1 wherein the boiling point of said benzene derivative is 200°C or higher. 

3. The composition according to claim 2 wherein said benzene derivative is dodecylbenzene. 

4. The composition according to any of claims 1 -3 wherein said solvent, which comprises at least one benzene deriv- 
ative, contains another solvent of boiling point 1 40°C or higher. 

5. The composition according to claim 4 wherein said benzene derivative is dodecylbenzene, and said other solvent 
of boiling point 140°C or higher is at least one selected from a group consisting of cymene, tetralin, cumene dec- 
alin, durene, cyclohexylbenzene, dihexylbenzene, tetramethylbenzene and dibutylbenzene. 

6. The composition according to any of claims 1 -3 wherein said solvent, which comprises at least one benzene deriv- 
ative, contains another solvent of boiling point 180°C or higher. 

7. The composition according to claim 1 wherein the vapor pressure (at room temperature) of said benzene derivative 
is 0.1 0-1 OmmHg. 

8. The composition according to claim 7 wherein said benzene derivative is 1 ,2,3, 4-tetramethylbenzene. 

9. The composition according to claim 7 wherein said benzene derivative is a mixture of at least one benzene deriv- 
ative of vapor pressure 0.10-0.50mmHg, and at least one benzene derivative of vapor pressure 0.50-1 OmmHg. 

10. The composition according to claim 9 wherein said benzene derivative of vapor pressure 0 10-0 50mmHa is 
tetramethylbenzene. ' a 

11. The composition according to claim 9 wherein said benzene derivative of vapor pressure 0 10-0 50mmHa is 
cyclohexylbenzene. -a 

12. The composition according to any of claims 9-1 1 wherein said benzene derivative of vapor pressure 0 50-1 OmmHa 
is diethylbenzene and/or mesitylene. 

13. The composition according to any of claims 1-12 wherein said functional material is an organic EL material. 

14. The composition according to any of claim 13 wherein said-organic EL material is at least one polyfluorene deriva- 
tive. 

15. The composition according to claim 14 wherein said polyfluorene derivative is a compound of compounds 1 
through 5 hereinbelow. H 
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COMPOUND 3 
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C *Hi7 CeH, 7 S " 

COMPOUND 4 



45 



50 
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55 



16. The composition according to any of claims 1-12 wherein said functional 



material is a silica glass precursor. 
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17. The composition according to any of claims 1 -12 wherein said functional material is a material for a color filter. 

18. The composition according to any of claims 1 -1 7 wherein said composition is used in an ink jet method. 

5 ^Z!^^!T , ^?^ mMad that 3 com P° sition wording to any of claims 1 -18 is supplied and 

d,stnbuted on a substrate, and thereafter, this, substrate is subjected to heat treatment. 

2 °' 11T TT!T ,n 2 meth ° d aCC ° rdin9 10 C ' aim 19 Wherein aftersaid composition is dispensed and distributed 
» Tat disp S en a s?ng y 3 P6nS ' n9 aPParatUS ' *' * Pr ° CeSSed * 3 than the limp * 

21 " 1^Z^^~ 9 10 C ' aim 20 Wh6rein ' dUrin9 hi9h temp — • * P- 

' S 22 ' J™ „"» manUfaCtUri " 9 mathod accordin 3 10 c'aim 20 or claim 21 wherein, after high temperature process- 
ing, pressure is immediately reduced as-is, and solvent is removed. . 

23 " ;i e C^ir 9 meth ° d aCC ° rdin9 10 ^ ° f C ' aimS 20 ' 22 Wh6rein Said dis P ensi "9 ■PP"—> « ink jet 

20 

24. A functional device characterized by being formed using a composition disclosed in any of claims 1-18. 

25. The functional device according to claim 24 wherein said functional device is a display device. 

25 26. The functional device according to claim 25 wherein said display device comprises a luminescent material lavor 
between a first and second electrodes, and this .uminescent materia, iayer is formed ISJSJSSSJ. " . 

30 „ 

28. The functional device according to any of claims 25 through 27 wherein said display device is an organic EL device. 

29. A method of manufacturing the functional device according to claim 26, characterized in that said composition is 
selectively supplied onto a substrate having a first electrode to form a luminescent material layer patZ toe eon 
and subsequently, a second electrode is formed on this luminescent material layer pattern ' 

3 °' iV U a n „H 0n h' "Tj? °: anUfaCtUrin9 meth ° d aCC ° rding 10 claim 29 wherein sa 'd composition is selectively sup- 
plied, and subjected to heat treatment, so that a luminescent material layer pattern is formed. Se ' eCt ' Vely SUp 

40 method accordin9 to c,aim 30 wherein said heat — - - - 

32 - ^r^uXs:^ 9 ^ accordin9 to either c,aim 30 ° r c,aim 31 wherein said h - 

45 

33. The functional device manufacturing method according to any of claims 30 through 32 wherein during said heat 
treatment, pressure is reduced prior to a composition becoming completely dry. 9 

34. - The functional device manufacturing method according to any of claims 29 through 33 wherein a hole iniec 

pnsing . polar solvent, and thereafter, said luminescent material layer pattern is formed on the hoTe 
injection/transport layer, whereby an organic EL device is obtained. . 

35. The functional device manufacturing method according to any of claims 29 through 33 wherein an orqanic EL 
55 device is obtained as said functional device. organic el 



21 



EP 1 083 775 A1 




22 



EP 1 083 775 A1 



FIG.2 



(A) 



15 PIXELS 
^/\^ 14 POLYIMIDE 




: • \ — 11 

— TFT SUBSTRATE 
-12ITO 



(B) 



I | | I | I I I EITHER O2 PLASMA OR CF4 PLASMA 



T 



-16 INK JET HEAD 




17 HOLE INJECTION/ 
TRANSPORT INK 



18 HOLE INJECTION/ 
I TRANSPORT LAYER 



23 



EP 1 083 775 A1 




24 



EP 1 083 775 A1 



INTERNATIONAL SEARCH REPORT 



Inlemalional application No. 

PCT/JPOO/01962 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC CI 7 H05B 33/14, H05B 33/10, C09D 11/00, 
C09K 11/06 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
IPC CI 7 H05B 33/00-33/28, C09D 11/00, 
B41M 5/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1940-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan Toroku Koho 1996-2000 

Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
REGISTRY (STN) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
Y 


JP, S9-71372, A (Oki Electric Industry Co., Ltd.), 
23 April, 1984 (23.04.84), 

page 2, lower right column, line 11 to page 3, upper right 
column, line 1 (Family: none) 


1-3 

4-7,9,13-15, 
18-20,23-31, 
33-35 


X 
Y 


JP, 64-16880, A (Fuji Photo Film Co., Ltd.), 
20 January, 1989 (20.01.89), 

page 7, lower right column, line 11 to page 8, lower left 
column, line 2 (Family: none) 


1 

4-7, 9,13-15, 18 
-20,23 


Y 
A 


JP, 6-9910, A (SEIKO EPSON CORPORATION), 
18 January, 1994 (18.01.94), 
Full text (Family: none) 


7,9 
8,10-12 


Y 
A 


JP, 11-54272, A (SEIKO EPSON CORPORATION) , 
26 February, 1999 (26.02.99), 
Full text (Family: none) 


13-15,18-20,23 
-31,33-35 
21,22,32 


Y 


Japanese Journal of Applied Physics, Vol.30, No.llB(1991) 
pp.L1941-L1943 "Blue Electroluminescent Diodes Utilizing 
Poly (alkylf uluorene) " 


14-15 | 



Further documents arc listed in the continuation of Box C. Q See patent family annex. 



• Special categories of cited documents: T later documeni published after the international filing date or 
"A" document defining the general slate of the an which is not priority date and noi in conflict with the application but cited to 

considered to be of particular relevance understand the principle or theory underlying the invention 

"E" earlier document but published on or after the inlemalional filing "X" document of particular relevance; the claimed inveniion cannot be 

date considered novel or cannot be considered lo involve an inventive 

"L" document which may throw doubts on prioriiy claim(s) or which is slep when the document is taken alone 

cited to establish the publication date of another citation or other M Y" documeni of particular relevance; the claimed invention cannot be 

special reason (as specified) considered to involve an inventive slep when the document is 

"O" documeni referring to an oral disclosure, use, exhibition or olher combined with one or more other such documents, such 

means combination being obvious to a person skilled in (he art 

"P" document published prior to the inlemalional filing dale bul later M &" documeni member of the same paienl family 

than the prioriiy dale claimed 



Date of the actual completion of the international search 
08 June, 2000 (08.06.00) 


Date of mailing of the international search report 
20 June, 2000 (20.06.00) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/2 10 (second sheet) (July 1992) 



25 



EP 1 083 775 A1 



INTERNATIONAL SEARCH REPORT 

I C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Imemanonal application No. 

PCT/JP00/01962 



I Category' 



Citation of document, with indica.ion, whe re appropriate, of tne re |.van, passages 



pITb-Ib SOShi t0 8000 ^yoka Saizensen-, OTS.U998) 

J ol\t'J 2 T B ' A (TOray ^usuries, lne , 
03 September, 1993 {03.09.93), ' 
Full text (Family: none) 

« ^gS* (2 5 . ( o S EI £, EPSON corpora ™> . 

Full text (Family: none) 

s-a»-j i^srsav, 



Form PCT/JSA/2I0 (continuation ot second sheet) (July I99 2 f 



26 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
-STbLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK <usfu» 



